Background and Hypothesis: Over the past 30 years, childhood obesity in the US has nearly doubled, while obesity has tripled among adolescents.
both increased and decreased functional connectivity in the prefrontal cortex network. Black [ 1 3 7 _ T D $ D I F F ] et al., examined resting state functional connectivity using fMRI among [ 1 3 9 _ T D $ D I F F ] children who are severely obese compared to healthy weight children [46] . They reported increased functional connectivity among regions associated with cognitive control and reward anticipation.
The aim of this study was to better understand resting state functional connectivity between regions in the brain associated with non-homeostatic eating among children across a [ 1 4 0 _ T D $ D I F F ] continuous range of weights. We therefore defined a neural model comprised of three a priori-defined regions ( Fig. 1): (1) inferior parietal lobe (IPL), associated with response inhibition; (2) frontal pole (fPole), associated with impulsivity; and (3) the nucleus accumbens (NAc), associated with reward and reward-motivated behaviors. We also investigated the associations of resting state functional connectivity with eating behaviors. Insight into these relationships will provide a better understanding of the mechanisms and potential efficacy of novel treatments for weight loss and maintenance among children.
Response inhibition is the ability to override a planned or already initiated response [20, 21] . Neuroimaging studies show that decreased response inhibition is associated with increased [ 1 4 [47, 48, 49, 50] . Increased neural activity in the inferior parietal lobe (IPL) has been consistently associated with increased response inhibition [21, 51, 52, 53] ; when comparing lean adults to obese adults [54] ; and among patients with restricting type anorexia compared to patients with binge eating/purging eating disorders and [ 3 3 6 _ T D $ D I F F ] to healthy controls [55] .
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Taken together, this evidence suggests that decreased response inhibition is associated with increased BMI, as well as decreased neural response in the IPL.
Impulsivity is a poorly conceived, risky, or inappropriate action, often resulting in undesirable consequences [22] . Increased impulsivity is associated with obesity among adults and children and decreased weight loss during treatment [18, 28, 47, 48, 56, 57] . The frontal pole, the most anterior part of Brodmann area 10 (BA 10), is associated with impulsivity. Decreased neural response in the frontal pole among healthy adults was associated with increased impulsivity during a delayed discounting task [58] . Compared to healthy controls, adults with impulsive aggression had decreased neural response in the frontal pole when viewing images of angry faces [59] . [ 1 4 3 _ T D $ D I F F ] Decreased neural activity in the frontal pole was associated with poorer weight management in women one year after a 12-week diet [60] . Taken together, this evidence suggests that increased impulsivity is associated with increased BMI, as well as decreased neural response in the frontal pole.
The nucleus accumbens (NAc) is associated with reward, food-related reward, and reward-motivated behaviors [61, 62, 63] [66] . Using diffusion tensor images (DTI) acquired from humans, Zhang et al., identified distinct anatomical connectivity patterns in the posteromedial cortex (PMC), a critical region associated with the default mode network [67] . One anatomical connectivity pattern within the PMC suggests functional connectivity between IPL and the frontal pole.
We will refer to response inhibition-associated resting state functional connectivity between IPL and NAc as Fig. 1) , we have a three-pronged, interdependent hypothesis. Our hypothesis is built on the premise that increased functional connectivity reflects increased functional integration [68] , and that decreased response inhibition and increased impulsivity are associated with increased adiposity.
We hypothesized that decreased response inhibition-associated food approach behaviors and decreased food avoidance behaviors are associated with increased BMI among children ages 7-12 years [69] (Fig. 1 , Path C), we hypothesized a similar association in this study.
Materials and methods
Participants
Data were acquired from the Enhanced Nathan Kline Institute Rockland Sample (NKI-RS) [70] from children [ 1 4 9 _ T D $ D I F F ] 8-13 years old. The NKI-RS was designed as a large dataset with broad and deep phenotypic measures and state-of-the-art neuroimaging data, in an open neuroscience model where all data are shared prospectively [70] . A strength of the NKI-RS study is its controlled recruitment from across all of Rockland County, NY, which is representative of the US population as described by the 2010 US census [71] . All participants were screened for psychiatric, neurological, and chronic medical illnesses, and for MRI safety considerations. Participants were encouraged to eat breakfast before arriving and were provided lunch. Institutional Review Board (IRB) approval was obtained at NKI and Montclair State University. Participants and their legal guardians provided written informed consent. Data were de-identified prior to receipt.
Eating behaviors
The Child Eating Behaviour Questionnaire (CEBQ) is a validated 35- Each item is rated on a Likert scale from 1 (never) to 5 (always). "Food approach" behavior is indicated by increasing DD, EF, EOE, and FR scores, whereas "food avoidance" behavior is indicated by increasing EUE, FF, SE, and SR scores [76] . Food approach behaviors have been [69, 77, 78, 79, 80] . The NKI-RS study was designed such that the CEBQ was administered only to children younger than 12 years old.
The NKI-RS study did not acquire food recall surveys. However, the CEBQ was developed to measure eating styles among children through parental-reporting [76] . Reported behavioral measures are preferable to retrospective food recall as recalls often result in an underestimate of food consumption due [ 1 6 3 _ T D $ D I F F ] to, in part, memory bias and social expectations and pressure [81] . While a 24-hour recall may be more accurate compared to a retrospective recall, food consumption can vary greatly from day to day such that a single day may not be representative [82] . Self-report instruments, such as the CEBQ, identify eating habits rather than actual food intake. The CEBQ has good factorial validity and external validity [76, 83, 84, 85, 86] .
[ 1 6 4 _ T D $ D I F F ] Neural model
We defined an a priori model [ 3 4 0 _ T D $ D I F F ] with three brain regions: (1) response inhibition; (2) impulsivity; and (3) reward-motivated behaviors (Fig. 1) . The specific determination of these three regions is discussed below. Because we are interested in the functional organization of the brain, we defined regions based [88] , which identifies functionally related brain regions via meta-analytic methods across more than 11,000 neuroimaging studies. We identified functional regions using Neurosynth's reverse inference maps. The forward inference map defines regional co-activations from a psychological term, whereas the more selective reverse inference map defines a psychological term from regional co-activations (http://neurosynth.org/faq/#q15). 
Frontal pole / impulsivity
Because the frontal pole is associated with impulsivity, we used Neurosynth to identify an a priori region in the frontal pole via a meta-analysis using the term "impulsivity." Using the resulting reverse inference map from 76 neuroimaging studies, we identified the frontal pole and selected (Fig. 2 ).
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.3. Nucleus accumbens / reward-motivated behaviors
The NAc is associated with reward, food-related reward, and reward-motivated behavior. We used the right NAc region as defined in the Harvard-Oxford subcortical atlas [91, 92, 93, 94] (volume = 472 mm 3 [59 voxels]) (Fig. 2 ).
After reviewing results using the right NAc, we examined an alternative, Note that animal studies are able to distinguish the NAc shell from its core.
However, given the current spatial resolution of [ 1 8 4 _ T D $ D I F F ] these fMRI scans, acquired at 3 Tesla, we were unable to resolve the NAc shell from the core in intact humans. The NAc shell is associated with reward salience, wanting, and positive reinforcement [95] . The NAc core is associated with motor function related to reward [96] .
[ [103, 105, 106] , is believed to reflect neurons firing together with a common purpose [107, 108, 109] , and can reveal whole-brain functional connectivity patterns [110] .
For each participant, we calculated mean BOLD signals from each region in our BOLD signal from white matter [112] ; and mean BOLD signal from cerebral spinal fluid [113] . We chose not to investigate β as it is conceivable that the effect can be transformed via a change in neural response (e.g., via a neural gain function) while the strength of the relationship remains unchanged. Changes in neural response may be altered due to different levels of CO 2 in the blood [116, 117] ; changes in vasoconstriction, e.g., from caffeine use [118, 119] ; or changes in metabolic demand [120] . However, the partial correlation coefficient, XY.Z , quantifies the strength of the relationship between X and Y regardless of the effect quantified by β. , they noted that only FF showed a sex difference, which was greater among boys (t = 2.4; p ≤ 0.02) [76] . We therefore performed a post hoc linear regression with interaction analysis of brain functional connectivity by sex with FF via Python's statsmodels.formula.api.ols.
[ 2 2 2 _ T D $ D I F F ] 2.11. Relationship between eating behaviors and adiposity (Fig. 1, Path C) To evaluate the relationship between eating behavior and adiposity, we computed simple linear regressions between CEBQ scores and BMI z-scores via Python's scipy.stats.linregress. We also performed post hoc linear regression with interaction analysis of FF by sex with BMI z-score via Python's statsmodels.formula.api.ols. participants (63%) completed the CEBQ as the CEBQ was administered only to children younger than 12 years old (mean = 10.1; std=1.1 years old). Of these 24 children, 11 (46%) were girls and 13 (54%) were boys. Of the 24 children who were administered the CEBQ, 3 (12.5%) were classified as obese; 3 (12.5%) were classified as overweight; and 18 (75%) were classified as healthy weight. Fortytwo percent of participants were scanned between 8:30-10:00 am; 18.4% were scanned between 10:00 am-noon; 39.5% of participants were scanned between noon-2:00 pm.
Results
Participants
3.2. Adiposity is associated with resting state functional connectivity ( Table 5 Table 5 ).
Food avoidance eating behavior Satiety Responsiveness (SR)
Increasing SR scores trended toward significance with increasing 3.4. Adiposity is associated with eating behaviors (Fig. 1 , Path C) Table 6 lists the relationships between BMI z-score and each CEBQ score. BMI Table 9 ).
Negative control neural model
To investigate whether our results were due to global, brain-wide phenomena, we defined a second neural model as a negative control. This functional brain network included auditory and foot motor cortex regions and the right NAc.
With one exception, we found no associations between adiposity and functional connectivity, Table 11 ).
Discussion
Intensive lifestyle interventions in adults do not typically lead to long-lasting weight loss, and co-morbidities such as diabetes and cardiovascular disease Table 3 . Relationships between adiposity and rsFC, and eating behaviors and rsFC, between impulsivity-associated frontal pole and right nucleus accumbens. 
Finding 1: Eating behaviors and adiposity
In agreement with other childhood obesity studies, increasing food approach behavioral scores -enjoyment of food (EF), food responsiveness (FR), and emotional overeating (EOE) -and decreasing food avoidance behavioral scores -slowness in eating (SE) and satiety responsiveness (SR) -are associated with increasing adiposity. Article No~e00058 Table 6 . Relationships between adiposity and eating behaviors. 
Finding 2: Resting state functional connectivity and adiposity
Adiposity is associated with resting state functional connectivity within our neural model among children ages 8-13 years old. As response inhibition-associated functional connectivity increases, adiposity decreases in a statistically trending relationship. As impulsivity-associated functional connectivity increases, adiposity increases in a statistically trending relationship. [ 2 4 6 _ T D $ D I F F ] As the difference between these two functional connectivity measures -response inhibition-associated and impulsivity-associated resting state functional connectivity with the NAc -is increasingly biased toward impulsivity, adiposity increases in a statistically significant manner.
Finding 3: Resting state functional connectivity and eating behaviors
Eating behaviors are associated with resting state functional connectivity within our neural model among children ages 8-13 years old. Mindfulness is associated with increased response inhibition [122, 123] and decreased impulsivity [124, 125, 126] . As brain regions associated with response inhibition, impulsivity, and reward are recognized as potent modulators of non-homeostatic eating habits, mindfulness may recalibrate [ 2 5 6 _ T D $ D I F F ] the imbalance in neural systems associated with childhood obesity. The use of mindfulness for weight loss and weight control among adults has produced mixed results [127, 128] . This may indicate the extreme tenaciousness of adult obesity, perhaps reflecting a relative lack of "plasticity" in the adult brain, further arguing for the importance of early identification and treatment of children at risk for increased adiposity. While mindfulness is readily translatable to children,[ 2 5 7 _ T D $ D I F F ] and encourages them to respond to everyday adversity in healthy ways [129, 130] , few studies report mindfulness for weight loss, weight maintenance, or eating healthfully among children. reported associations with the consumption of sweetened drinks with weight [132] . Given these mixed results, we advocate the view put forth by Sweetman analyses showed no significant interactions of FF association by sex. We conclude that in our cohort FF is not dependent on the sex of the child. Food fussiness is characterized by restricted eating in both the amount and types of food eaten, along with an unwillingness to try new food [133] . Food fussiness is typically associated with low weight. However, it has also been associated with increased weight [134, 135] as fussy eaters often restrict the consumption of fruits and Table 11 . Relationships between adiposity and rsFC, and eating behaviors and rsFC, between foot motor cortex and right nucleus accumbens. vegetables. Decreased consumption of fruits and vegetables is associated with increased consumption of fats [136] , contributing to increased adiposity. Our lack of negative association between BMI z-scores and FF may be due to restricted eating that includes an increase in high-[ 2 5 9 _ T D $ D I F F ] energy dense food.
We found no statistically significant associations between eating behaviors and brain network imbalance in an alternative model in which the NAc was located in the left hemisphere. These results may be due to hemispheric laterality. There are two prominent hypotheses of laterality: In light of this hypothesis, future work is needed to investigate resting state functional connectivity in relation to hemispheric laterality.
Our overarching hypothesis is that disrupted resting state functional connectivity within a neural model related to non-homeostatic eating is associated with increased adiposity and unhealthy eating behaviors among 
Conclusions
Our results establish the interplay among resting state functional connectivity, adiposity, and eating behaviors during childhood. from a resting state functional connectivity study of childhood obesity in which we examined children across a range of adiposity values. To our knowledge, no previous childhood obesity resting state functional connectivity studies have examined adiposity as a continuous measure. Our results suggest that resting state functional connectivity can identify neural models that are associated with adiposity and with eating habits. Furthermore, the identification of an imbalance in resting state functional connectivity that is associated with adiposity and unhealthy eating habits contributes to our knowledge of non-homeostatic factors involved in childhood obesity. Long-lasting weight loss maintenance may be elusive because, in addition to changing eating habits and physical activities, one must also change brain function.
